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1R 'DWH 6WUHDPIORZUDWHm3/s
%HGORDGWUDQVSRUWUDWH
>kg/(mÂs)@6LWH
PHDVXUHG
%HGORDGWUDQVSRUWUDWH
>kg/(mÂs)@&DOFXODWHG
    
    
    
    
    
    
)URP(TXDWLRQLVHYLGHQWWKDWEHGORDGWUDQVSRUWUDWHLVH[SUHVVHGDVDIXQFWLRQRIWKHGLIIHUHQFHEHWZHHQWKH
DFWXDOVKHDUVWUHVVDQGWKHFULWLFDOVKHDUVWUHVVZKLFKLVDVVRFLDWHGZLWKWKHLQLWLDWLRQRIPRYHPHQWRIWKHULYHUEHG
SDUWLFOHV$WWKLVSRLQWLWVKRXOGEHVWUHVVHGWKDW0H\HU3HWHUDQG0OOHUFRQVLGHUWZRGLIIHUHQWEHWZHHQHDFKRWKHU
W\SHVRI ULYHUEHG URXJKQHVV D GXH WR LQGLYLGXDOSDUWLFOHV EGXH WR ULYHUEHG IRUPV HJ ULSSOHVGXQHV HWF
)XUWKHUPRUH LQ RUGHU WR FDOFXODWH WKH K\GUDXOLF UDGLXVRS WKH PHWKRG RI (LQVWHLQ%DUEDURVVD LV HPSOR\HG >@
DFFRUGLQJZKLFK WKHFURVVVHFWLRQRIDVWUHDPVKRXOGEHGLYLGHG LQWR WZRLQGLYLGXDOEHWZHHQHDFKRWKHUSRUWLRQV
ILUVWO\WRWKDWZKLFKLVDVVRFLDWHGZLWKWKHORDGWUDQVSRUWDORQJWKHULYHUEHGDQGVHFRQGO\WKDWDVVRFLDWHGZLWKWKH
ORDG WUDQVSRUW DORQJ WKH ULYHU VORSHG VLGHV ,Q WKH IUDPHZRUN RI GLSORPD WKHVHV HODERUDWHG WKH HVWLPDWLRQRI WKH
6WULFNHUFRHIILFLHQWkstZKLFKUHIHUVWRWKHWRWDOURXJKQHVVGXHWRLQGLYLGXDOSDUWLFOHVDVZHOODVWRULYHUEHGIRUPV
ZDVSHUIRUPHGHPSOR\LQJDFDOLEUDWLRQSURFHGXUH7KHHQHUJ\OLQHVORSHILVFRQVLGHUHGHTXDOWRWKHORQJLWXGLQDOULYHU
EHGVORSHLQDFFRUGDQFHZLWKWKHFRQVLGHUDWLRQRIXQLIRUPIORZFRQGLWLRQV0RUHRYHUWKHPHGLDQSDUWLFOHGLDPHWHU
d50VXEVWLWXWHVWKHPHDQSDUWLFOHGLDPHWHUdmGXHWRWKHDYDLODELOLW\RIJUDLQVL]HGLVWULEXWLRQFXUYHV7KHRXWFRPHVRI
WKHFDOFXODWLRQVRIEHGORDGWUDQVSRUWUDWHDUHJLYHQLQ7DEOH
&RPSDULVRQEHWZHHQFDOFXODWHGDQGPHDVXUHGEHGORDGWUDQVSRUWUDWHV
7KHFRPSDULVRQEHWZHHQFDOFXODWHGDQGVLWHPHDVXUHGYDOXHVRIULYHUEHGORDGWUDQVSRUWUDWHLVPDGHRQWKHEDVLV
RIWKHIROORZLQJVWDWLVWLFDOFULWHULD
5RRW0HDQ6TXDUH(UURURMSE) 
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LGHDOYDOXH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/LQHDUFRUUHODWLRQFRHIILFLHQWr 
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
7KHFRHIILFLHQWrH[SUHVVHVWKHGHJUHHRIPXWXDOGHSHQGHQFHEHWZHHQWKHYDULDEOHVOiDQGPiDQGUDQJHVDPRQJ
WKHYDOXHVDQG7KHYDOXHVݎ ൌ േͳUHSUHVHQWWKHLGHDORFFDVLRQZKHQWKHPDUNVUHSUHVHQWLQJWKHSDLUVRIYDOXHV
OiDQGPiGHSLFWHGRQDQRUWKRJRQDOFRRUGLQDWHV\VWHPOLHRQWKHUHJUHVVLRQOLQHZLWKSRVLWLYHRUQHJDWLYHVORSH
UHVSHFWLYHO\
'HWHUPLQDWLRQFRHIILFLHQWr2
,WLVFDOFXODWHGE\VTXDULQJWKHYDOXHRIWKHFRUUHODWLRQFRHIILFLHQWrLQWKHFDVHRIOLQHDUUHJUHVVLRQEHWZHHQWKH
YDULDEOHVOiDQGPi,W\LHOGVWKHSHUFHQWDJHRIFKDQJHRIWKHFDOFXODWHGYDOXHVZKLFKFDQEHH[SODLQHGE\WKHOLQHDU
UHODWLRQVKLSEHWZHHQFDOFXODWHGDQGPHDVXUHGYDOXHV,WUDQJHVEHWZHHQWKHYDOXHVDQG7KHYDOXHVWDWHVWKDW
WKHUHLVQ¶WDQ\FRUUHODWLRQZKHUHDVWKHYDOXHVWDWHVWKDWWKHYDULDQFHRIWKHFDOFXODWHGYDOXHVHTXDOVWKHYDULDQFHRI
WKHPHDVXUHGYDOXHV>@
'LVFUHSDQF\UDWLR
,WUHSUHVHQWVWKHSHUFHQWDJHRIWKHFDOFXODWHGEHGORDGWUDQVSRUWUDWHYDOXHVO\LQJEHWZHHQSUHGHWHUPLQHGPDUJLQV
RI WKH FRUUHVSRQGLQJ PHDVXUHG EHG ORDG WUDQVSRUW UDWH YDOXHV PRUH VSHFLILFDOO\ DV IDU DV WKH SUHVHQW VWXG\ LV
FRQFHUQHGEHWZHHQWKHGRXEOHDQGWKHKDOIRIWKHFRUUHVSRQGLQJPHDVXUHGYDOXHV7KHDERYHPHQWLRQHGVWDWLVWLFDO
FULWHULDYDOXHVFRQFHUQLQJ1HVWRV5LYHUDUH OLVWHGZLWKLQ7DEOH ,W LVQRWHG WKDW WKHUHODWLYHHUURUYDOXHGHSLFWHG
ZLWKLQ7DEOHUHSUHVHQWVWKHDYHUDJHYDOXHRIWKHUHODWLYHHUURUVFDOFXODWHGIRUHDFKSDLURIFDOFXODWHGDQGPHDVXUHG
EHGORDGYDOXHVYLD(TXDWLRQ7KHSORWGHSLFWHGZLWKLQ)LJXUHUHSUHVHQWVWKHGLVFUHSDQF\UDWLRFRQFHUQLQJ1HVWRV
5LYHU$WWKLVSRLQWLWVKRXOGEHQRWHGWKDWERWKFRRUGLQDWHD[HVDUHLQORJDULWKPLFVFDOHWKHUHIRUHWKHHTXDWLRQV\ [
\ [DQG\ [DUHUHSUHVHQWHGJUDSKLFDOO\E\SDUDOOHOVWUDLJKWOLQHV
,QJHQHUDOWKHREWDLQHGYDOXHVRIWKHVWDWLVWLFDOFULWHULDRMSEREECIRU1HVWRV5LYHUFDQEHFRQVLGHUHGIDLUO\
VDWLVIDFWRU\$GGLWLRQDOO\WKHGHJUHHRIOLQHDUGHSHQGHQFHEHWZHHQFDOFXODWHGDQGPHDVXUHGEHGORDGWUDQVSRUWUDWH
LVYHU\KLJK
7DEOH6WDWLVWLFDOFULWHULDYDOXHVRI1HVWRV5LYHU
1XPEHURISDLUHG
YDOXHV
506(>kg/(mÂs)@ 5(% (& U U 'LVFUHSDQF\UDWLR
      

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
)LJ'LVFUHSDQF\UDWLRSORWRI1HVWRV5LYHU
'LVFXVVLRQ&RQFOXVLRQV
)RUWKHHIILFLHQWDSSOLFDWLRQRI0H\HU3HWHUDQG0OOHUIRUPXODWR1HVWRV5LYHULWZDVFRQVLGHUHGQHFHVVDU\WR
FDOLEUDWH WKH IRUPXOD LQ WHUPVRI WKH6WULFNOHUFRHIILFLHQWkst LQFRUSRUDWHGZLWKLQ WKH IRUPXOD WKHYDOXHRIZKLFK
GHSHQGVRQWKHULYHUEHGURXJKQHVVGXHWRLQGLYLGXDOEHGSDUWLFOHVDQGEHGIRUPV7KLVFRHIILFLHQWYDOXHLVWDNHQLQWR
DFFRXQWILUVWO\ZKHQFDOFXODWLQJWKHHQHUJ\OLQHVORSHGXHWRLQGLYLGXDOSDUWLFOHVIr(TXDWLRQDQGVHFRQGO\ZKHQ
FDOFXODWLQJWKHK\GUDXOLFUDGLXVRS>@6WLOOODUJHVFDOHEHGIRUPVGRQRWDSSHDUZLWKLQ*UHHNVWUHDPVDQGULYHUVHJ
GXQHV$VDUHVXOWWKHULYHUEHGFRXOGEHFRQVLGHUHGDVDIODWRQHFRQVHTHQWO\DFFHSWLQJWKDWkst  kr+RZHYHULW
VKRXOGEHQRWHGWKDWWKLVDGPLVVLRQOHGWRHYHQODUJHUGHYLDWLRQVEHWZHHQFDOFXODWHGDQGPHDVXUHGYDOXHVRIEHGORDG
WUDQVSRUWUDWHFRPSDUHGWRWKHGHYLDWLRQVSUHVHQWHGLQWKHSUHVHQWVWXG\)XUWKHUPRUHDVIDUDVWKHFDOFXODWLRQRIWKH
K\GUDXOLFUDGLXV RSLVFRQFHUQHGDQHTXLYDOHQWUHFWDQJXODUFURVVVHFWLRQZLWKWKHVDPHDUHDDVWKHUHDOJHRPHWULFDOO\
LUUHJXODU FURVV VHFWLRQ ZDV FRQVLGHUHG ZKLFK GHFUHDVHV WKH SUHFLVLRQ RI WKH FDOFXODWLRQV 7KH YDOXH RI 
LQFRUSRUDWHGLQ(TXDWLRQUHIHUVWRWKHFULWLFDOGLPHQVLRQOHVVVKHDUVWUHVVZKLFKREWDLQVGLIIHUHQWYDOXHVDFFRUGLQJ
WRRWKHUUHVHDUFKHUVHJ>@,WVKRXOGEHSRLQWHGRXWWKDWWKHTXDQWLWDWLYHGHWHUPLQDWLRQRIWKHFULWLFDOFRQGLWLRQ
FRQFHUQLQJ WKH LQLWLDWLRQ RIPRYHPHQW RI ULYHU EHG LQGLYLGXDO SDUWLFOHV LV DPELJXRXV DQG FRQVWLWXWHV D FRPSOH[
SUREOHP $OO WKH DERYH PHQWLRQHG IDFWRUV DPRQJVW RWKHUV FRQWULEXWH WR WKH GHYLDWLRQ EHWZHHQ FDOFXODWHG DQG
PHDVXUHGEHG ORDG WUDQVSRUW UDWH DQG UHQGHU WKH LPSOHPHQWDWLRQRI0H\HU3HWHUDQG0OOHU IRUPXODSUREOHPDWLF
XQGHUGLIIHUHQWFLUFXPVWDQFHVFRPSDUHGWRWKHPLWZDVGHYHORSHGIRU
5HIHUHQFHV
>@ $ 0HWDOOLQRV DQG9+ULVVDQWKRX 5HJUHVVLRQ UHODWLRQVKLSV EHWZHHQ VHGLPHQW \LHOG DQG K\GUDXOLF DQG UDLQIDOO FKDUDFWHULVWLFV IRU WZR EDVLQV LQ
QRUWKHDVWHUQ*UHHFHProceedings 6th International Symposium on Environmental Hydraulics HGV*&KULVWRGRXORXDQG$6WDPRX-XO\±
$WKHQV*UHHFH9RO,,
>@..DIIDV9+ULVVDQWKRX(VWLPDWHRIFRQWLQXRXVVHGLPHQWJUDSKVLQDEDVLQXVLQJDFRPSRVLWHPDWKHPDWLFDOPRGHO(QYLURQ3URFHVV
±
>@$0HWDOOLQRVDQG9+ULVVDQWKRX5HJUHVVLRQUHODWLRQVKLSVEHWZHHQVHGLPHQWWUDQVSRUWUDWHDQGZDWHUGLVFKDUJHIRU1HVWRVULYHU*UHHFH3URFHHGLQJV
RIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ(QYLURQPHQWDO6FLHQFHDQG7HFKQRORJ\HG7'/HNNDV6HSWHPEHU±5KRGHV,VODQG*UHHFH9RO

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>@,$QJHOLV$0HWDOOLQRV9+ULVVDQWKRX5HJUHVVLRQDQDO\VLVEHWZHHQVHGLPHQWWUDQVSRUWUDWHVDQGVWUHDPGLVFKDUJHIRUWKH1HVWRVULYHU*UHHFH*OREDO
1(67-±
>@,$UHVWL$.DUGDVLV')LOLDGLV0HDVXUHPHQWVRIVWUHDPGLVFKDUJHDQGEHGORDGWUDQVSRUWUDWHLQ1HVWRV5LYHU'LSORPD7KHVLV'HSDUWPHQW
RI&LYLO(QJLQHHULQJ'HPRFULWXV8QLYHUVLW\RI7KUDFH;DQWKL*UHHFHLQ*UHHN
>@.0SHQHNRV(.DVVRWDNLV0HDVXUHPHQWVRIVWUHDPGLVFKDUJHDQGVHGLPHQWGLVFKDUJHLQ1HVWRV5LYHUGXULQJ0D\DQG-XQH'LSORPD
7KHVLV'HSDUWPHQWRI&LYLO(QJLQHHULQJ'HPRFULWXV8QLYHUVLW\RI7KUDFH;DQWKL*UHHFHLQ*UHHN
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'LSORPD7KHVLV'HSDUWPHQWRI&LYLO(QJLQHHULQJ'HPRFULWXV8QLYHUVLW\RI7KUDFH;DQWKL*UHHFHLQ*UHHN
>@(0H\HU3HWHUDQG50OOHU)RUPXODVIRUEHGORDGWUDQVSRUW3URFHHGLQJVRIWKHQG0HHWLQJRIWKH,QWHUQDWLRQDO$VVRFLDWLRQRI+\GUDXOLF5HVHDUFK
6WRFNKROP6ZHGHQSS
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:DWHU5HVRXUFHV,(QJLQHHULQJ+\GURORJ\6\PPHWULD$WKHQVSS
LQ*UHHN
>@-(1DVK-96XWFOLIIH5LYHUIORZIRUHFDVWLQJWKURXJKFRQFHSWXDOPRGHOV3DUW,±$GLVFXVVLRQRISULQFLSOHV-+\GURO±
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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±
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